The concentrations of impurities in BaZroesYo ΐ5θ 3 . δ were qualitatively measured by GD-MS, and the concentrations of carbon, nitrogen, sodium, silicon, sulfur, chlorine, hafnium, and platinum were found to be more than 100 ppm. Among these identified impurities, we investigated the influence of sodium and silicon on grain boundary resistance of BaZrossYo 15Ο3.5. It was found that silica or silicate precipitated at grain boundary of BaZrossYo is0 3 . 5 and prevented the proton conduction of BaZr 0 8 5Yo ΐ5θ 3 . δ at the grain boundary, but sodium did not affect either bulk or grain boundary resistance. Also, we investigated which steps of the applied procedure causes the increase in the silicon concentration of BaZro^Yo ΐ5θ 3 . δ during the synthesis process of the widely-used solid state reaction method.
INTRODUCTION

Trivalent cation doped barium zirconates (BaZr0 3 )
have a relatively high proton conductivity in a wet atmosphere /I -22/. Therefore, they have great potential as proton conductive electrolytes in fuel cells or steam electrolyzers. Among the trivalent cation doped barium zirconates, yttrium-doped barium zirconate is known to have the lowest bulk resistance, promoting many researchers to work on yttrium-doped barium zirconate /I -22/. However, the grain boundary resistance of yttrium-doped barium zirconate is higher than the bulk resistance and the total resistance is governed by the grain boundary resistance. A potential way to reduce the high grain boundary resistance is to decrease the grain boundary concentration of yttrium-doped barium zirconate. Previously, we succeeded in decreasing the grain boundary concentration of 15 % yttrium-doped barium zirconate (BaZro 85 Yo is0 3 . 5 ) using very fine We employed GD-MS to evaluate impurities in BaZr 0 85Yo is0 3 .5, and the qualitative result is shown in Table 1 . Among the impurities we investigated, the concentrations of carbon, nitrogen, sodium, silicon, sulfur, chlorine, hafnium, and platinum were more than 100 ppm. We did not consider hafnium as an impurity of BaZr 0 g5Yo is0 3 . 5 since the chemical property of hafnium is quite similar to that of zirconium. 
Change of impedance spectrum by addition of silicon and sodium
Among the impurities whose concentrations were more than 100 ppm, we turned out focus on sodium and silicon for the reason why they are easily introduced during the synthesis process since silicon is present in dust in atmospheric air and sodium is contained in human hands. We added sodium or silicon to BaZr 0 8 5Yo.i503-5 and investigated the influence of these two impurities on grain boundary resistance. As for sodium, sodium nitrate (NaN0 3 : 99.999 %, ALDRICH) was dissolved in the mixed solution before atomizing, and then the nitrate freeze-drying method was employed.
As for silicon, the colloidal silica ( in dust in atmospheric air might be mixed into the sample. At step 10 and 15, silicon might come from agate mortar. We investigated the silicon concentrations of the powders after heating at 1300 °C for 10 h in air (step 9), after crashing pellet with agate mortar for 10 minutes (step 10), after drying under reduced pressure with evaporator (step 7 (second)), and after drying at 110 °C in air for 1 hour with plastic beaker (step 8 (second)). In the synthesis process, steps 6 to 11 are repeated until single phase is obtained. We used the powders of steps 7 and 8 in the second repeat. The silicon concentrations of the powders after these steps are shown in Table 2 .
From the results, we can understand that drying the powder in atmospheric air for Figure 3 ) measured by ICP-AES.
As for the BaZr 0 85 Y 0 ι 5 0 3 . δ powders after step 7 and 8, the powder heated at 1300 °C once and ball-milled for 8 hours was used.
Step 
CONCLUSION
The concentrations of impurities in BaZr 0 85 Y 0 is0 3 _ 5 were qualitatively measured by GD-MS and the concentrations of carbon, nitrogen, sodium, silicon, sulfur, chlorine, hafnium, and platinum were more than 100 ppm. Among these impurities, the influence of sodium and silicon on grain boundary resistance of BaZro ssYo ιs0 3 . 5 was investigated because sodium and silicon are easily contained during the synthesis process. 
